Background: Viral load and specific drug related toxicities have been implicated in nutritional and metabolic
Introduction
HIV viremia and highly active antiretroviral therapy (HAART) have been implicated in the development of metabolic disturbances associated with increased risks for development of cardiovascular diseases in HIV infection (1) . Lipid abnormalities characterized by a decrease in the plasma concentrations of TC, HDL-C and LDL-C and an elevation of TG in later stage of infection are rife in HIV infection (2) . Dyslipidemia characterized by hypertriglyceridemia, hypercholesterolemia, and decreased serum levels of HDL-C, either accompanied or not by increased levels of LDL-C have been associated with HAART (1) . Insulin resistance, impaired glucose tolerance, impaired fasting glucose and diabetes mellitus are glucose metabolism disorders also reported in persons with HIV infection with and without HAART (2) . The exact etiologic mechanisms for development of these disorders are still uncertain because not all of the patients exposed to the same HAART regimens are similarly affected. Alterations in acute phase response proteins in response to acute or chronic inflammation and abnormalities in B-cell function in terms of hypergammaglobulinemia and hypogammaglobulinaemia are also some of the consequences of HIV infection. These results in either raised or decreased level of total plasma protein depending on which component of immune deregulation predominates (3) . Changes in acute phase response proteins, mainly decreased albumin and elevated C-reactive protein concentrations, have been shown to be associated with low serum concentrations of several micronutrients in HIV-positive subjects not receiving HAART (4) . Depression of cell mediated immune response, decreased lymphocyte concentrations, reduced cytokine response, and defective neutrophils and T cell functions have been associated with deficiencies of vitamin C, Zn, Cu, and Se respectively. Micronutrient deficiencies have been associated with increased risk of HIV disease progression and mortality and supplementation with delay in HIV disease progression and reduced mortality (4, 5) . Studies that focused on disturbances in lipid metabolism associated with HIV and HAART in Nigeria are few compared to the menace of HIV infection, fewer investigations still, have attempted to characterize the cardiovascular risk factors in combination with disturbances in the homeostasis of some micro and macro nutrients in HIV sero-positive individuals and changes following HAART initiation. This information will be important for monitoring the dosing of HAART, improved quality of life and increase life expectancy of people living with HIV. This study therefore evaluated some micro, macro nutrients and cardiovascular risk factors in HIV infection with or without highly active antiretroviral therapy (HAART) in South-South Nigeria.
Material and methods

Selection of subjects
Participants were recruited at the Voluntary Counseling and Testing (VCT) unit and HIV Clinic of University of Calabar Teaching Hospital, (UCTH) Calabar, South-South Nigeria from September to November, 2015. The study protocol was approved by Cross Rivers State, Nigeria Ministry of Health. Ninety subjects were recruited for the study which comprised; 30 HIV seropositive subjects on HAART, 30 HAART naïve HIV sero-positive subjects and 30 apparently healthy aged matched sero-negative individuals who served as controls. The HIV sero-positive patients on HAART have been on any of the HAART regimens corresponding with the WHO consolidated guidelines on the use of antiretroviral drugs for treating and preventing HIV infection (6) for a minimum of six months. Informed written consent was obtained from all subjects before recruitment into the study. Subjects with full blown AIDS, other comorbidities as tuberculosis, hepatitis B or C viral infection, pregnant women, lactating mothers and those who did not give consent were excluded from the study. This study was carried out in accordance with the Ethical Principles for Medical Research Involving Human Subjects as outlined in the Helsinki Declaration in 1975 and subsequent revisions.
Sample Collection
Six milliliters of whole blood samples (6 ml) were collected by venipuncture with minimum stasis and aliquoted as follows; 3 ml was dispensed into vacutainer tubes containing di-potassium ethylenediaminetetraacetic acid (K 2 EDTA) salt for CD4+T cell count and 3 ml into plain specimen container, the sample was allowed to clot and retract and centrifuged for 10 minutes at 3500 revolutions per minutes. Sera was separated and kept immediately frozen at -20°C until the time of analysis.
Laboratory Methods
Hepatitis B surface antigen and antibody to hepatitis C virus were determined using ELISA. HIV screening and confirmation were carried out using Determine, Stat pak and Uni-Gold rapid test kits; the test was based on immunochromatographic principle (7) .
Enumeration of CD4+ T cell count was done by flow cytometry using the automated partec cyflow counter (8) .
Total cholesterol and triglyceride were determined using enzymatic colorimetric method (9) (10), while high density lipoprotein cholesterol was determined using the precipitation cholesterol enzymatic method (11) . The test kits were obtained from EliTech clinical systems (SAS-Zone Industrielle-61500 SEES France).
Very low density lipoprotein-cholesterol concentration was calculated from the triglyceride concentration using the Friedewal et al., (12) formula; VLDL = Triglyceride concentration/ 2.2. Low density lipoprotein cholesterol concentration was calculated from the total cholesterol concentration, HDLcholesterol concentration and the triglyceride concentration using the Friedewal et al., formula (12); LDL -C (mmol/L) = Total cholesterol -HDL -C-(Triglyceride)/ 2. 2.
Atherogenic index of plasma (AIP) was calculated from the concentrations of triglyceride and high density lipoprotein cholesterol (HDL) using the formula (13); AIP = log (TG (mmol/L))/ HDL (mmol/L) Vitamin C was estimated using the modified reduction method (14) .
Total proteins were determined using the Biuret method (15) . The test kit was obtained from Randox Laboratories Limited United Kingdom.
Serum albumin was determined using the Bromocresol Green (BCG) method (16) . The test kits were also obtained from Randox Laboratories Limited United Kingdom.
Globulin was calculated from the concentration of total protein and albumin using the formula; Globulin = total protein (g/dL)albumin (g/dL), Albumin/globulin ratio was obtained by dividing the albumin concentration with that of globulin.
Zinc and copper were estimated using atomic absorption spectrophotometry (17) .
Statistical Analysis
Data analysis was done using the statistical package for social sciences (SPSS version 20.0, California Inc.). Analysis of variance (ANOVA) was used to test significance of variations within and among group means and Fisher's least significant difference (LSD) post hoc test was used for comparison of multiple group means. A probability value p < 0.05 was considered statistically significant.
Results
The comparison of age, CD4+ T cell counts, macronutrients (total protein, albumin, globulin, albumin/globulin ratio) and micronutrients (vitamin C, zinc and copper) in HIV sero-subjects on HAART, HAART naïve and sero-negative controls were shown in table 1. Significant variations were observed in the CD4+ cell count, total protein, albumin, globulin, albumin/globulin ratio, vitamin C, zinc and copper among the three groups studied (p<0.05), while no significant variation was observed in their ages (p>0.05). The comparison of CD4+T cell count, macro and micronutrients among the 3 groups studied using LSD post hoc were depicted in table 2. HIV sero-negative controls had significantly higher CD4+ T cell count, albumin, vitamin C and zinc and lower levels of globulin and copper compared to HIV sero-positive subjects on HAART (p< 0.05) and significantly higher CD4+ T cell count, albumin, A/G ratio, vitamin C and zinc and lower globulin and copper compared to the HAART naïve subjects (p< 0.05). HIV sero-positive subjects on HAART had significantly higher levels of albumin and A/G ratio and lower levels of CD4+ T cells count, total protein, globulin and zinc compared to HAART naïve sero-positive subjects (p<0.05). Comparison of markers of cardiovascular risk factors (BMI, FPG, TC, TG, LDL-C, HDL-C, VLDL-C, and AIP) in HIV subjects on HAART, HAART naïve and sero-negative controls were shown in table 3. The BMI, TC, TG, LDL-C, VLDL-C and AIP varied significantly among the three groups (p<0.05), while no significant variation was observed in the HDL-C levels among the groups (p>0.05). Comparison of markers of cardiovascular risk factors among the three groups studied using LCD post hoc were shown in table 4. HIV sero-negative controls had significantly higher BMI and lower FPG, TG, VLDL-C and AIP compared to HIV sero-positive subjects on HAART (p< 0.05), and significantly higher BMI, LDL-C and lower FPG compared to the HAART naïve subjects (p< 0.05). HIV sero-positive subjects on HAART had significantly higher levels of FPG, TC, TG, LDL-C, VLDL and AIP compared to HAART naïve subjects studied (p<0.05). 
Discussion
Metabolic abnormalities with regards to alterations in the homeostasis of plasma lipids and some micro and macronutrients were determined in HIV infection with or without HAART. In this study, lower levels of TC, TG, LDL-C, VLDL-C and AIP and higher BMI and CD4+ T cell count were seen in HIV sero-negative controls compared to HIV sero-positive subjects on HAART and HAART naïve. These findings are consistent with observations from other studies (3) . Disturbances in plasma lipid have been shown to be a common finding in HAART naïve HIV infected individuals even in the absence of major host related risk factors for dyslipidemia, such as high blood pressure, diabetes mellitus and obesity. Dyslipidemia in HIV-infected individuals has been attributed to increased apolipoprotein levels, increased hepatic synthesis of TG and VLDL-C, decreased clearance of TG, acute-phase proteins, increase in circulating cytokines such as IL-6 and IFN-α and also to the effects of viral infection itself . The levels of total cholesterol (TC) and high-density lipoprotein-cholesterol (HDL-C) have been shown to be rather low in the early stages of HIV infection (18) . However, the progressive lowering of CD4+ T cell lymphocyte counts resulting from destruction by HIV has been reported to induce a reduced clearance of lowdensity lipoprotein-cholesterol (LDL-C) particles, a decrease in HDL-C and an elevation in the triglyceride levels which may positively correlate to the degree of viraemia (19) . HAART has also been shown to affects the hydrolysis of triglyceride-rich lipoproteins and tissue lipase, disrupts normal postprandial free fatty acid and lipoprotein catabolism and interferes with peripheral fatty acid trapping (20) . However, no significant difference was observed in the HDL-C levels of controls compared to HIV on HAART and HAART naive. The atherogenic index of plasma (AIP) was significantly higher in HIV subjects on HAART compared to HAART naïve seropositive subjects and the controls studied (p<0.05). Atherogenic index of plasma is a ratio of TG and HDL-C and has been successfully used as an additional index for assessing cardiovascular risk factors. It has been shown that AIP values of -0.3 to 0.1 are associated with low, 0.1 to 0.24 with medium and above 0.24 with high cardiovascular risks (21) . The findings of this study indicate that HIV subjects on HAART treatment with mean AIP values of 0.1 are at a medium risk of developing cardiovascular diseases compared to the treatment naive subjects and controls who are at low risk for developing cardiovascular disease. Consistent with our findings, higher atherogenic dyslipidemia ratio has also been demonstrated in HIV seropositive individuals compared to controls (22) . The fasting plasma glucose levels of HIV seropositive individuals on HAART and HAART naïve were significantly higher than those of the sero-negative controls studied. Alterations in the normal metabolism of glucose and insulin resistance have been described in HIV infection (23) . Pathways underlying alterations in glucose metabolism in HIV infection and HAART are poorly understood but have been related to specific drug toxicities. Increased risk for diabetes have been associated with HAART specifically protease inhibitors (PIs). Hyperglycemia, new-onset diabetes mellitus, exacerbation of existing diabetes mellitus, and diabetic ketoacidosis has been reported in HIV-infected patients taking PIs (23) . An in vitro essay with PIs and nucleoside reverse transcriptase inhibitors (NRTIs) showed altered adipocyte functions and decreased adiponectin, a positive regulator of insulin sensitivity. PI's has also been shown to reduce glucose transport mediated by the insulinsensitive glucose transporter Glut4 which is responsible for insulin-stimulated glucose uptake into muscle and adipose tissue and this may influence pancreatic β-cell insulin secretion (24) . Significant hormonal and cytokine alterations that could affect glucose metabolism has been reported to occur in HIV patients with or without HAART. Increased release of TNF-α, IL-6 and IL-8 by both infected T cells and adipose tissues has been shown to induce inflammatory insulin resistance (25) . HIV 1 accessory protein Tat has been attributed a potential role in initiating or aggravating insulin resistance. Tat is known to activate Nuclear Factor κB (NF-κB), which induce TNF-α production, block free fatty acid (FFA) uptake by adipocytes and suppress insulin receptor signalingall of which could potentially decrease glucose disposal by blunting Glut4 translocation, and promote insulin resistance by increasing serine phosphorylation of insulin receptor substrate-1 (IRS-1) (27) . These activities would promote gluconeogenesis and fasting hyperglycemia. An inverse relationship Available at www.jiacm.com between CD4+T cell counts and insulin resistance but no relationships between CD4+T cell counts and fasting glucose concentrations have been reported in HIV positive individuals (26) . HIV sero-negative subjects had higher albumin and A/G ratio and lower globulin levels compared to HIV on HAART and HAART naïve subjects. Similar observations have been documented by other studies (3, 18) , who reported elevated levels of globulin and total protein in HIV subjects compared to the controls. Chronic HIV infection induces hypergammaglobulinemia via polyclonal B-cell activation and spontaneous secretion of immunoglobulins by abnormally activated Bcells. But, as an expression of the aberrant immune activation that characterizes untreated HIV infection (3), other globulin fractions are also abnormally elevated. This could thus be the reason for the elevated calculated globulin among HIV HAART naïve subjects. Viral Tat protein has been shown to induce an enhanced ROS production in HIV-infected patients by mitochondrial generation of superoxide anion, which in turn may activate NF-κB (27) , thus increasing HIV transcription. Deleterious effects of ROS are neutralized by the body's system of antioxidants which are consumed in the process. Albumin has been described as extracellular antioxidants where albumin constitutes up to 49% of total plasma antioxidant status (28) . It acts by binding copper ions and scavenging hypochlorous acid (HOCl). The scavenging of HOCl by albumin may be due to the rapid reaction with sulfur hydryl group (SH-group) in the circulation and their degradation (29) . Albumin also contains one reduced cysteine residue (Cys34) which constitutes the largest pool of thiols in circulation. Through the reduced Cys34, albumin is able to scavenge hydroxyl radicals (28) . Thus, significantly lower levels of serum albumin in HIV seropositive HAART naïve individuals could be a consequence of their increased consumption to buffer the effect of increased free radicals generation and lipid peroxidation associated with HIV infection. The serum albumin concentration therefore appears to be a sensitive predictor of preclinical disease and may therefore be a useful prognostic marker of disease progression in HIV-infected individuals. HIV on HAART on the other hand had higher albumin and A/G ratio and lower total protein and globulin compared to HAART naïve subjects. Increased albumin levels in HIV positive subjects on HAART have been reported 12 months after commencement of HAART. HAART has been shown to induce improvement in the manifestations of B-cell immune deregulation, including reduction in polyclonal activation as measured by immunoglobulin levels, reduction in markers of B-cell immune activation and normalization of B-cell count and B-cell subpopulation distribution (3) . This corroborates the effect of HAART on inhibiting immune activation and reduction of disease progression. Higher levels of vitamin C and Zinc and lower copper levels were seen in HIV sero-negative controls compared to HIV on HAART and HAART naïve. Higher vitamin C, zinc and copper levels were also seen in HAART naïve compared to HIV on HAART. These results are consistent with the finding of previous studies who independently documented reduced levels of zinc and vitamin C, Fe, Co, Se, vitamin C and vitamin E in HIV subjects compared to the controls and associated the adverse clinical outcome during HIV infection with lower levels of vitamins and micro-mineral deficiencies (30) . The combination of malnutrition, malabsorption and exhaustion during detoxification of free radicals could account for the significantly lower levels of these micronutrients in the HIV population. Although HAART has been shown to be associated with a decreased prevalence of opportunistic gastrointestinal diseases and incidence of malnutrition, gastrointestinal infections and severe gastroenteritis which alter micronutrient absorption, may persist after HAART initiation. Several HIV medications, particularly NRTIs, have been shown to inhibit the replication of mitochondrial DNA and cause vomiting and diarrhea that can reduce the absorption or increase the losses of several micronutrients (31) . Among HIV-positive persons not receiving HAART, observational studies have shown low or deficient serum concentrations of several micronutrients, including thiamine, selenium, zinc, and vitamins A, Vit B3, B6, B12, C, D, and E to be individually associated with low CD4 +T cell counts (32) . Such associations with CD4+T cell count were however not observed in this present study. Micronutrient interventions have been shown to have cellular and clinical benefits in HIV-positive persons not receiving HAART. In HIV-infected T lymphocytes, vitamin C has been shown to reduce reverse transcriptase activity and vitamin E to reduce NF-Augusta Chinyere Nsonwu-Anyanwu et al.
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Available at www.jiacm.com κB concentrations and the production of oxidant compounds (32) . The observed higher copper levels in HIV on HAART may result from compensatory increase to buffer the effects of depleted antioxidants. The body tends to retain copper to combat heavy antioxidant demands (33) . HIV infection has also been reported to be associated with increased proinflammatory cytokines, which was reported to lower the plasma levels of Fe and Zn but raises the level of Cu (34). Contrary to our findings, no significant differences were reported in the levels of zinc and vitamin C in HIV subjects receiving HAART compared to HAART naïve subjects. HIV medications have been reported to have a direct effect on the synthesis and metabolism of certain micronutrients. Some PIs have been demonstrated in cell and tissue cultures to significantly increase retinal dehydrogenase activity, an enzyme responsible for the production of alltrans retinoic acid, a precursor of vitamin A and also induce retinal dehydrogenase gene expression (35) .
Conclusion
The findings of this study suggests that HIV infection and HAART regimen seems to be associated with changes in the homeostasis of total proteins and albumin, glucose, antioxidant micronutrients and dyslipidemia which could predispose to development of cardiovascular complications.
Anti-oxidant micronutrient supplementation maybe beneficial in preventing disease progression and development of non-infectious HIV related comorbidities.
